This pictorial assay illustrates the methodology of evaluating the atrial septal defects by three dimensional transesophageal echocardiography with the help of representative images. The article starts by discussing the technical details of how to acquire and crop the dataset to reconstruct the transesophageal three dimensional echocardiographic images of the inter atrial septum. Next, the anatomical details of the normal inter atrial septum are illustrated, followed by representative examples of all the possible defects of inter atrial septum. All the images have been reproduced in a uniform pattern which is similar to the view of the inter atrial septum that is seen in the real life situation by the surgeon. MeSH: echocardiography, atrial septal defect
The development of three dimensional transesophageal echocardiography (3D TEE) has thrown up several exciting possibilities and evaluation of atrial septal defects (ASDs) is one of the most promising among these possibilities. ASD is the most common congenital heart disease in adult and adolescents, with the ostium secundum variety alone accounting for 30-40 % of all congenital heart diseases seen in this age group. 1 In a subset of patients with ostium secundum atrial septal defects, percutaneous closure by a septal occluder devices can be offered as an alternative to cardiac surgery. [2] [3] [4] [5] Echocardiography plays a very important role in identifying these patients. Two dimensional transesophageal echocardiography (2D TEE) is by far very superior to two dimensional transthoracic echocardiography (2D TTE) or three dimensional transthoracic echocardiography (3D TTE) to evaluate an ASD, as transesophageal echocardiography (TEE) is not hindered by the problem of poor echocardiographic windows. [6] [7] [8] In fact, an ASD is never taken up for device closure without first doing a TEE study to assess adequacy of its margins to hold the device. 3D TEE is further superior to 2D TEE as it provides all the needed information in a single view, which otherwise would take a series of 2D TEE views, leading to interand intraobserver variation in assessment of the ASD. 9 This pictorial assay explains the technique of acquisition and cropping of three dimensional (3D) datasets to produce 3D images of interatrial septum (IAS), followed by representative examples of normal IAS and its defects. As of today, the use of matrix array probes is the standard way of obtaining the real-time three dimensional echocardiographic images, and all the images shown in this article have been acquired with a fully sampled matrix array 3D TEE probe (iE, Philips Medical Systems, USA).
Technical Considerations and Cropping Sequence
The details of methodology to create 3D TEE images of the IAS is beyond the scope of this article and can be found elsewhere. 10 However, certain important technical issues must be highlighted. The first technical issue to be addressed is about the choice of the echocardiographic view to obtain a three dimensional dataset. Theoretically, any cardiac structure can be imaged from a single full volume 3D dataset acquired from any probe position. Practically, we have found the dataset acquired from the mid esophageal basal long axis (or bicaval) view to be most useful to reconstruct 3D images of the atrial septal defects. This view is acquired from midesophageal position, after electronically rotating the probe by 90° . This dataset contains, from anterior to posterior, right atrial free wall, right atrial cavity, IAS and left atrial cavity. Removal of the RA free wall brings in view IAS from right atrial perspective. This en face view of IAS from right atrial perspective is similar to the view of inter atrial septum which will be seen by the surgeon. The second important issue is to avoid stitch artifacts. The full volume data sets are compiled by "stitching together" four narrow pyramidal scans obtained over four consecutive heartbeats. Stitch artifacts result when the position of the heart changes in between any of these four cycles. The most common cause of this problem is a suboptimal ECG signal, as the datasets are acquired by ECG gating. The second most common cause of stitch artifacts is the translational movement of the heart due to respiration. Translational movement of the heart can be avoided by acquiring the dataset during suspended respiration. The images given in this article have been obtained during suspended respiration. The third, and probably the most important consideration in obtaining good quality 3D images, is to have optimal gain settings before the acquisition of the dataset. Low gain settings leads to echo dropouts and these parts cannot be seen in 3D images. On other hand, high gain settings lead to blurring of fine structural details. It is not possible to define an optimal gain setting which can be applied universally in every patient and optimal gain setting has to be defined for each individual patient. In our laboratory, we keep the gain setting in mid range and the first dataset is cropped immediately after its acquisition. If there are echo dropouts, then the gain is further increased before acquiring subsequent datasets. Similarly, if the anatomical boundaries are getting blurred, then gain is decreased before acquiring the next dataset. Figure 1 illustrates the importance of having optimal gain settings before acquisition of 3D datasets. Figure 1 Picture A, B and C are 3D TEE images of IAS from RA perspective and shows the importance of the maintaining proper gain settings during the image acquisition and the fact that it has to be individualized for every patient. Picture A is taken after optimal gain setting and shows centrally placed secundum ASD with good surrounding margins. Picture B has been taken after decreasing the gain and it can be seen that now echo dropouts have appeared near the postero-inferior margin of the defect. Picture C has been taken after increasing the gain and shows that it completely blurs the anatomical boundaries and no defect can be seen.
Once a 3D dataset is acquired, it must be cropped to visualize inter atrial septum. The aim of cropping the 3D dataset is to create a view of inter atrial septum which is similar to the view to be seen by the surgeon. Figure 2 illustrates the sequence of cropping a 3D dataset to create this "real life" view of inter atrial septum.
Representative examples of various types of ASDs
Example 1: Figure 3 displays images of a centrally situated secundum ASD. This ASD has good surrounding margins and thus is ideal to understand the nomenclature of the margins of fossa ovalis ASD. The names of the margins of an ASD are designated according to the structures in their vicinity. 10 The margin between the defect and SVC is called the SVC margin, the margin between the defect and IVC is called the IVC margin, the margin at the crux is called the atrioventricular (AV) septal margin, the margin between defect and the ascending aorta is called the aortic margin and the margin between the defect and the superior wall of atrium near the right upper pulmonary vein is called the atrial margin. The location of these margins of the ASD has been illustrated in figure 3 .
Figure 2
Picture A shows the raw 3D dataset which has been acquired in basal long axis view (bicaval view). Picture B displays the dataset after the initial cropping has removed the RA free wall and the tricuspid valve comes in view (red arrows). Picture C displays the dataset after further cropping, till aorta comes in view. Picture D displays the dataset after further cropping, till the image of IAS from right atrial perspective comes in view. Several anatomical features of IAS can be seen in great detail. The oval depression in the central part of the IAS is called fossa ovalis. It is the thinnest part of the IAS (IAS itself is very thin, being only 2 mm thick). The fossa ovalis is bounded by a thicker rim of tissue, called limbus of fossa ovalis (red arrows). It is most pronounced above and on the side of the fossa ovalis and is deficient in it's inferior part. The opening of the coronary sinus can be seen to the left of the limbus. Aorta (white arrows), SVC and IVC are also seen in this view. It is important to memorize the position of SVC, IVC, aorta and TV in relation to the IAS, because these structures are used as landmarks to define the margins of the ASD. Figure 3 Picture A, B and C are 2D TEE images of a centrally situated secundum type ASD. Picture A is four chamber view and shows AV septal margin (grey arrow) and atrial margin (blue arrow). Picture B is basal short axis view and shows the retro aortic margin (green arrow). Picture C is the basal long axis (bicaval view) and shows the SVC margin (white arrow) and IVC margin (red arrow).Picture D is three dimensional en-face view of inter atrial septum from RA perspective and shows all the margins of the ASD in a single image . These margins are, clockwise from top, SVC margin (white double headed arrow) , aortic margin (green double headed arrow),IVC margin (red double headed arrow) and atrial margin (blue double headed arrow).
Example 2: Figure 4 illustrates the changes in surface area of a secundum ASD during various phases of the cardiac cycle. The surface area of the ASD changes significantly during the cardiac cycle, with a maximum size in late ventricular systole and a minimum size in late left ventricular diastole. 11 These changes in the shape and the size of the ASD are caused by contraction of the defect as well as the movement of the heart. 12, 13 These changes are better appreciated by 3D TEE , while the 2D echocardiography can underestimate the size of defect as the imaging plane may not be through the maximal diameter of the defect. 14 Figure 4 Picture A, B, C and D are 3D TEE view of IAS from the RA perspective. Picture A has been labeled to depict the structures being seen. Red arrow denote the position of SVC, green arrow denotes position of IVC and double headed white arrow denotes the position of aorta. The picture B is of late systole, showing the maximal diameter of ASD. Picture C is from early diastole and shows that the diameter of the ASD has started decreasing. Picture D is from late diastole when the ASD reaches its minimal diameter.
Vinay
Example 3: Figure 5 shows the most common type of secundum ASD encountered in clinical practice. These ASDs have deficient aortic margins, while the other three margins i.e. SVC, IVC and atrial margins, are big enough to grip the device. These defects can be closed with septal cclude devices but require considerably more operator experience and also carry more chances of complications, including that of device migration. Figure 5 Picture A, B , C and D are 2D TEE images of an ASD with deficient aortic margin. Picture A is four chamber view from mid esophageal position and shows an intact IAS. Picture B is four chamber view taken after pulling the probe to high esophageal location and now the septal defect can be seen. This implies that the defect is superiorly situated. Picture C is basal short axis view and shows that the retro aortic margin of the defect is absent. Picture D is basal long axis (bicaval) view. The defect is still being seen but the defect size is less than that being seen in picture B, thus suggesting that the defect is anteriorly situated. So, the defect is anteriorly and superiorly situated and the aortic margins are deficient. Picture E is 3D TEE image of the ASD from RA perspective. The aortic margin (white double headed arrow) is deficient , while all other margins are quite robust (blue double headed arrow denotes the SVC margin , black double headed arrow denotes the atrial margin and red double headed arrow denotes the IVC margin).
Example 4: Figure 6 shows a 3D TEE image from a patient with two secundum ASDs. Multiple ASDs are a relatively uncommon occurrence. In a series of 190 patients, only 7.3 % patients were found to be having multiple atrial septal defects. 15 The patients with multiple ASDs require all defects to be individually evaluated to decide adequacy of their margins for device closure. Further, the margin between the two defects is also to be evaluated, to decide whether to use one device or to use two separate devices to close them. It has been suggested that the rim between the two defects should at least be 7 mm to allow the deployment of two devices. 16 In the example given here, a single 3D image of IAS contains all the required information.
In this case, both defects had good surrounding margins and they were separated by a thick rim of tissue. These ASDs were successfully closed with two separate septal cclude devices. Example 5: Figure 7 displays a fossa ovalis ASD, which is coexisting with an aneurysm of inter atrial septum. It can be very difficult to define the exact relation of the ASD to the neurismal part of the septum by 2D imaging. Three dimensional imaging is of great help in profiling the ASD and it's relation to the neurismal part of inter atrial septum. Figure 6 Picture A, B, C and D are 2D TEE images of multiple ASDs. Picture A is four chamber view, showing the presence of two separate ASDs, labeled as number 1 and 2, with ASD number 2 being nearer to the aorta. Picture B is basal short axis view and confirms the presence of two separate ASDs. Picture C is bicaval view and it shows only one ASD, suggesting that one of the ASD (ASD number 2) is situated in a more anterior plane. Picture D is the 3D TEE image of IAS from RA perspective showing relative position of both the ASDs. It can be seen that both the ASDs have very stout IVC margin and are also separated by a good amount of tissues, making them suitable for closure by two separate devices. The black arrows show the Eustachian valve. Figure 7 Picture A and B are 2D TEE four chamber images. Picture A shows the presence of a fossa ovalis ASD. Picture B is from same probe position and shows large aneurysm of inter atrial septum (white arrow). Picture C is a 3D TEE image of the IAS from RA perspective and very vividly demonstrates the relative position of the aneurysm and the ASD. The almost entire IVC margin (blue double headed arrow) and anterior part of the atrial margin (red double headed arrow) is aneurysmal . Remaining part of the atrial margin (green double headed arrow) is normal. This ASD was successfully closed with a septal occluder device.
Example 6: Figure 8 shows an another situation which is even more complex than the examples seen so far. This patient had multiple ASDs which were coexisting with an aneurysm of inter atrial septum. In such cases, 3D imaging can be invaluable to define the exact relation of all the abnormalities of the structure of IAS. Example 7 and 8: Figure 9 shows SVC type sinus venosus defect, which is the most common variety of sinus venosus defects seen in adults. Figure 10 shows the IVC type sinus venosus defect, which is the rarest variety of sinus venous defects seen in the adults. Sinus venosus defects are diagnosed by the triad of presence of intact fossa ovalis, presence of a muscular rim between the defect and the fossa and overriding of the vena cava by the IAS. The intact muscular border between the fossa ovalis and the septal defect can be easily identified by 3D TEE and holds the key to diagnose sinus venosus defects on 3D imaging. 17 Vinay K Sharma, S Radhakrishnan, and S Shrivastava. Careful scan of the image also shows that the second defect is situated nearer to IVC, in aneurysmal part of the IAS. Picture C is a 3D TEE image of ASD from RA perspective. The almost entire IVC margin of the larger defect is aneurysmal and the smaller ASD is situated in this aneurysmal part. The presence of the funnel around the second defect helps in differentiating the defect from an echo dropout. Figure 10 Picture A, B and C are 2D TEE images of an IVC type sinus venosus defect. Picture A is four chamber view from mid esophageal position and does not show any defect. However, this view shows the flap of foramen ovale (white arrow) which rules out the possibility of presence of a fossa ovalis type defect. Picture B is the 4 chamber view taken from a lower esophageal position and reveals the presence of a defect of atrial septum (white arrow). Picture C is basal long axis view and shows the IVC type defect (white arrow) with straddling of the IAS by IVC. Picture D is a 3D TEE image of the defect. A muscular rim between the defect and fossa ovalis (black double headed arrow) confirms the diagnosis of IVC type defect. Example 9: Three dimensional imaging of the IAS has a potentially important role in planning the procedures involving septal puncture. Figure 11 shows an example of an aneurysm of inter atrial septum in a patient with severe rheumatic mitral stenosis. The TEE was done as part of routine diagnostic evaluation prior to percutaenous trans mitral comissurotomy (PTMC). In this case, 3D images demonstrated the presence of aneurysm of IAS and its precise localization helped in planning appropriate precaution during septal puncture. Example 10: Figure 12 shows a post-PTMC atrial septal defect. PTMC is a very commonly performed procedure with close to 8000 PTMC procedures having been carried out in India in 2005 (this study included the data from only 71 centers and actual number is likely to be much higher). 18 The creation of an atrial septal defect (ASD) is inherent in the antegrade PTMC approach , and its incidence is as high as 67% at 48 hours. 19 Most of these defects are small and close spontaneously over next one year. 20 However 3-15% of patients do develop significant atrial shunts (defined as a pulmonary-to-systemic flow of > 1.3:1). 20, 21 The shape of these ASDs varies, depending on the cross-sectional profile of the deflated balloon. Example 11: Figure 13 shows an example of quantitative measurements of the ASD size. The 3D quantification of the ASD offers several advantages over 2D measurements. 3D imaging shows the entire defect in a single view, allowing the operator to choose the maximal diameter with certainty. The 2D imaging, on the other hand, requires a series of views to measure the defect and can miss the maximal diameter of the defect as the operator can evaluate only few of infinite number of possible 2D planes. This becomes even more important in defects which are not spherical in shape. Figure 11 Picture A is the image of the mitral valve in so called surgeon′ view (mitral valve being seen from LA perspective with aorta positioned in 11 o clock position). The red arrow denotes the fish mouth appearance of the stenotic mitral valve. Picture B shows the coexisting aortic stenosis and red arrow points to the stenotic opening of the aortic valve. Picture C is 2D TEE image in basal short axis view. The white arrow points to the aneurysm of inter atrial septum. Picture D is 3D TEE image of IAS from RA perspective. The white arrow points to the location of the aneurysm of inter atrial septum. Figure 12 These pictures are from a patient who has undergone PTMC for rheumatic mitral stenosis. Picture A is 2D TEE four chamber image and shows the presence of left to right shunt across IAS. Picture B is a 3D TEE image of the ASD and shows an atrial septal defect, situated at superior border of the fossa ovalis. The shape of the post PTMC atrial septal defects is dependent on the cross sectional profile of the balloon and the angle at which the balloon penetrates the septum. In this case the defect is elongated in shape. Picture C is 3D TEE color flow image of IAS from the RA perspective and confirm the presence of the atrial septal defect. Picture D is same as picture C but taken after suppression of the color flow. The similarity of the shape in picture B confirms that it is actually the same defect as being seen in picture B. Figure 13 Picture A, B and C shows measurements of an ASD by 2D TEE imaging. Picture A is 4 chamber view and the diameter measured in this view is the horizontal diameter and corresponds to the D2 measurement in the 3D image. Picture B shows diameter in basal short axis image. Picture C is the bicaval view and the diameter shown in this image is the vertical diameter and corresponds to D1 diameter in the 3D image. Picture D shows 3D TEE image of the defect and shows that all measurements can be taken in a single image.
Example 12:
The examples seen so far emphasize the usefulness of 3D TEE imaging in pre-device closure assessment of the size of the defect and adequacy of its margins to grip the device. However, 3D TEE also has a potentially very useful role during the procedure of device closure. Figure 14 shows the images taken during the device deployment to close a fossa ovalis defect. It rapidly confirms the proper positioning of the device across all the margins. A single 3D TEE image can provide the answer to the every question that arises before and after the deployment of the device. 3D imaging can tell whether the device is excessively mobile or whether it is encroaching onto AV valves or pulmonary veins or SVC or IVC orifices. shows the image of the device after it has been opened, but has not yet been released from the catheter. This image is used to evaluate the proper positioning of the device and it's relation to the surrounding margins as well as the orifices of pulmonary veins, SVC and IVC. Picture C is taken after release of the device from the catheter and confirms that the device is properly positioned. A device which is properly positioned and firmly gripping all the margins of the defect should not have excess mobility. 
Conclusion
The examples given so far emphasize the fact that 3D echocardiography provides the most precise answer to the most important question -"is this defect suitable for trans catheter closure". This assessment includes number, size and shape of the defect as well as the size of the margins of the defect. 3D TEE imaging has the potential to significantly cut down the time taken to assess the likely problems before releasing the device from the catheter, as it can show the relation of the device to the defect in a single image ,which otherwise would take a series of 2D views.
